Introduction
This research is part of a longitudinal study examining the outcomes for children with hearing loss who are enrolled in an auditory-verbal therapy program and who are seeking a listening and spoken language outcome. Between 2 and 3 newboms per 1,000 children are bom with permanent sensorineural hearing loss > 35 dB HL per year, the most common congenital disorder that can be detected in the newborn period (Fortnum, Summerfield, Marshall, Davis, & Bamford, 2001 ; Joint Committee on Infant Hearing, 2007; Uus & Bamford, 2006) . This incidence is likely to be higher in developing countries (Olusanya, Ruben, & Parving, 2006) . Untreated hearing loss in children has a significant impact on auditory brain development (Sharma, Dormán, & Kral, 2005) , with serious lifetime consequences for speech, language, literacy, academic achievement, and social/emotional development (Bat-Chava, Martin, & Kosciw, 2005; Blamey et al., 2001; Nunes & Moreno, 2002; Sininger, 1999; Traxler, 2000) . Hearing loss also significantly impacts the family and community (Olusanya et al., 2006) . Treatment of childhood hearing loss has made many advances in the last decade, and clinical evidence shows that life-changing improvements in outcomes for children with hearing loss are now possible with the combination of new technology and intervention techniques (Geers, 2004) . Rigorous research is needed to develop an evidence base that will inform professionals, decision makers, and fimding bodies about the effectiveness of intervention strategies for children with hearing loss who seek a spoken language outcome.
Early diagnosis and immediate audiological and educational intervention, preferably by 6 months of age, are vital in order to capitalize on the optimal developmental periods of the auditory brain (Joint Committee on Infant Hearing, 2007; Sharma et al., 2005; Yoshinaga-Itano, Sedey Coulter, & Mehl, 1998) . Modern diagnostic technology, such as frequency-specific electrophysiological measurements (Cone-Wesson, Dowell, Tomlin, Ranee, «St Ming, 2002) , and hearing technology, such as cochlear implants and digital hearing aids, are offering new opportunities for children with significant hearing loss to acquire listening and spoken language (Geers, 2004) . Fitting of amplification accompanied by immediate and appropriate educational intervention must quickly follow diagnosis if the new opportunities are to lead to an improvement in spoken language outcomes (Nicholas & Geers, 2007) . As technology for diagnosis and audiological intervention for hearing loss continues to advance, better speech and language outcomes have become possibilities for children with hearing loss. These developments have created more demand for listening and spoken language outcomes {Rhoades, 2006).
However, there is a lack of high-level research (as defined by the "Levels of Evidence" of the Oxford Centre for Evidence Based Medicine, 2001) on any of the educational approaches available today (Sussman et al., 2004) . There is a great need to conduct research focusing on the measurement of outcomes as evidence for "best practices" in the treatment of various populations of children with hearing loss. Prior to the use of cochlear implants, the rate of language progress for children with profound hearing loss wearing hearing aids was reported as half a year of progress in a 1-year time span (Boothroyd, Geers, & Moog, 1991) . With new hearing technology, many authors consider that progress of children with hearing loss may be appropriately compared to that of chüdren with typical hearing (Geers, 2006) . This study is part of a longitudinal research project that aims to contribute to research evidence by comparing the developmental progress of speech and language skills for children in an auditory-verbal therapy program to that of children with typical hearing.
Audi tory-verbal therapy is an early intervention education option that facilitates optimal acquisition of spoken language through listening by young children with hearing loss. It promotes early diagnosis, one-on-one therapy, and state-of-the-art audiologic management and technology. Parents and caregivers actively participate in therapy. Through guidance, coaching, and demonstration, parents become the primary facilitators of their child's spoken language development. Ultimately, parents and caregivers gain confidence that their child can have access to a full range of academic, social, and occupational choices throughout life (AG Bell Academy for Listening and Spoken Language, 2007) .
A number of authors have published reviews of research on auditory-verbal therapy outcomes (see Doman, Hickson, Murdoch, & Houston, 2008; EriksBrophy, 2004; Rhoades, 2006) . Eriks-Brophy (2004) cited significant problems related to research design, including the fact that most studies were retrospective and were without control groups. She concluded that the research overall was sparse and incomplete, and provided only limited evidence in favor of auditory-verbal therapy, a view that was supported by Rhoades (2006) and Dornan et al. (2008) . The research design problems highlighted by these authors means that comparison between studies on outcomes of auditory-verbal therapy, or indeed between studies on any of the other communication options, is extremely difficult. However, several large retrospective studies (e.g., Goldberg & Elexer, 2001; Durieux-Smith et al., 1998) , and a few prospective ones (e.g., Duncan, 1999; Duncan & Rochecouste, 1999; Rhoades, 2001; Rhoades & Chisolm, 2000) , have provided limited evidence for the potential of auditory-verbal therapy for some children with hearing loss. The latter two papers on the same population reported that the children had progressed at the same rate as children with typical hearing, and entered school with ageappropriate language skills. However, these two studies did not actually have a control group of children with typical hearing, and such a comparison would have been appropriate and informative.
In an earlier stage of our own research (Dornan, Hickson, Murdoch, & Houston, 2007) , the speech and language developmental progress of children with hearing loss using an auditory-verbal therapy approach was compared over a 9-month period to that of a matched group of children with typical hearing. The original group of children with hearing loss consisted of 29 children ages 2-6 years with a mean Pure-Tone Average (PTA) in the better ear of 76.17 dB HL at 0.5,1 and 2 kHz. The 29 children in the control group were matched with the children in the auditory-verbal therapy program for language age and receptive vocabulary at the start of the study, and for gender and parental education level. A battery of standardized speech and language tests was administered to all children at the start of the study, and again 9 months later. Results showed that both groups improved over time and that there was no significant difference in progress between the two groups.
In this paper, we report on the second stage of this longitudinal study with testing occurring at 21 months after the initial assessments. The aims of the research were to investigate the developmental progress of speech and language skills for 25 pairs of the same children who remained in the study for 21 months. Developmental progress for speech and language was again compared between the two groups. This study also aimed to extend the original study by including additional measures of speech perception and speech production skills for consonants in spontaneous discourse for the children with hearing loss.
Method
The study employed a matched group, repeated-measures design in which children with hearing loss in an auditory-verbal therapy program were individually matched with a comparison group of children with typical hearing. The rate of change for various language and speech variables was compared for the auditory-verbal therapy group (AVT group) and the typical hearing group {TH group). Participants in both groups were assessed at the start of the study (pretest) and at the 21-month point (posttest) using an assessment battery. The children in the AVT group received additional assessments of speech perception and speech production in discourse.
Participants

Auditory-Verbal Therapy Group
At the 21-month stage of the study, 25 members of the original AVT group remained in the longitudinal study, and only the original child matched from the TH group was used for comparison {n = 25). The 4 original AVT group children who withdrew from the study included 2 children who had commenced investigation for other additional disorders during the first 9 months of the study and were subsequently transferred to a different type of educational program, and 2 who moved to a different area and were unavailable. The remaining 25 AVT group children had a range of sensorineural hearing iosses, used hearing aids and/or cochlear implants to access sound, and were assessed on a battery of speech perception, speech, and language tests. These children attended one of four regional centers of an auditory-verbal therapy program in Queensland, Australia, which offers a range of services iiicluding audiological, early intervention, and cochlear implantation. The auditoryverbal therapy program adheres to the Principles of Listening and Spoken Language -Audi tory-Verbal Therapy (endorsed by the AG Bell Academy for Listening and Spoken Language, 2007) . All children in the AVT group were receiving regular audiologic follow-up to ensure optimal amplification, and attending weekly individual therapy sessions in which parents were guided and coached to be the primary language models for their child. Diagnostic teaching principles were also employed and children were fully integrated into mainstream education at the earliest possible age. Potential participants at the start of the study included all of the program's 75 children {2 months to 6 years of age) who were in the early intervention program, satisfied the selection criteria, were geographically accessible, and whose parents agreed to participate in the research. Selection criteria were as follows:
• Pure-Tone Average (PTA) at 500 Hz, 1000 Hz, 2000 Hz, and 4000 Hz of > 40 dB hearing threshold levels in the better ear.
• Prelingually deafened (at < 18 months old).
• Attended the educational program weekly for intensive one-to-one, parent-based auditory-verbal therapy for a minimum of 6 months.
• Wore consistent hearing amplification (hearing aids and/or cochlear implants).
• Had aided hearing within the speech range or had received a cochlear implant.
• No other significant cognitive or physical disabilities reported by parents or educators.
• Ages 2-6 years at the pretest session.
• Both parents spoke only English to the child.
Although the selection criteria precluded children with other significant disabilities, the group included one child who had mild cerebral palsy. The characteristics of the AVT group are summarized in Table 1 . Their mean age at pretest was 3 years, 9 months, and at posttest was 5 years, 8 months (SD = 15 months). The 25 participants had bilateral sensorineural hearing loss ranging from moderate to profound, with a mean PTA of 79.37 dB HL. All 7 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a HA= Hearing Aids CI = Cochlear Implant children were fitted with hearing aids and coirunenced intervention within 3 months of diagnosis of the hearing loss. Three of the children had been diagnosed and commenced intervention before the critical age of 6 months identified by Yoshinaga-Itano and others (1998). These 3 children had a profound bilateral sensorineural loss, and subsequently received a cochlear implant before 19 months of age. All children with implants in this study had received unilateral Cochlear Nucleus CI 24 implants and used an Advanced Combined Encoder (ACE) processing strategy. The median age at implantation was 23.04 months (mean = 27.54 months, SD ^ 15.24). This relatively late mean time of implantation was due to the fact that 2 children received a unilateral cochlear implant around 4 years of age during the first 9 months of the study. All but 2 children in the study who use cochlear implants also wore a hearing aid in the contralateral ear. Both hearing devices were balanced by an audiologist according to the recommendation of Ching, Psarros, and Incerti (2003) . All children wore their hearing aids consistently at the first follow-up (9 months after pretest), and continued to do so at the posttest (21 months after pretest).
Typical Hearing Group
Children in this group were recruited by families and staff of the auditoryverbal therapy program. Selection criteria were as follows:
• Unaided hearing threshold levels within the range of 0 to 20 dB at 500 Hz, 1000 Hz, 2000 Hz, and 4000 Hz for both ears.
• No delay in phonetic development as assessed using the Goldman-Fristoe Test of Articulation-2 (GFTA-2) (Goldman & Fristoe, 2001) . Australian norms for articulation (Kilminster & Laird, 1978) were used and results within 1 standard deviation (SD) of the mean for age were required for inclusion.
• No significant cognitive or physical disabilities (as evidenced by case history or parent report).
The characteristics of the control group are summarized in Table 1 . Hearing level expressed as PTA is not reported for this group. Sixty-four children with typical hearing were initially tested to ensure appropriate matching of children in the two groups. For the longitudinal study, the 25 children with typical hearing selected for the TH group were individually matched with children in the AVT group for total language age on the Preschool Language Scale (PLS-4) or the Clinical Evaluation of Language Fundamentals (CELF-3) (± 3 months), for receptive vocabulary on the Peabody Picture Vocabulary Test (PPVT-3) (± 3 months), for gender, and for socioeconomic level as assessed by education level of the head of the household. The mean age at pretest was 2 years, 11 months, and at posttest was 4 years, 9 months (SD = 14.75 months). This meant that the AVT group were 10 months older than the TH group. Had chronological age been used for matching (instead of language age), as was done in the study reported by Duncan (1999) and Duncan and Rochecouste (1999) , the children with typical hearing generally would have had a higher language level than the children with hearing loss of the same chronological age (Blamey et al., 2001) , introducing the possibility that the children in the TH group might progress faster.
In addition, the study was conducted in Queensland, Australia. At the time, the average age for diagnosis of a sensorineural hearing loss in Australia was over 2 years because newborn hearing screening programs were not yet in place (Wake, 2002) . Thus, it was highly likely that if the children were matched by chronological age, participants in the TH group would have had a significant language age advantage over participants in the AVT group. It is also possible that matching children for language age could have resulted in the children with hearing loss being significantly older than the children with typical hearing (Blamey et al., 2001) , introducing the potential that they may progress faster because of their advanced cognitive skills. However, it was considered that the potential cognitive "advantage" afforded to the children with hearing loss who were older was likely to be offset by the delays they may experience in speech and language development.
When matching the control group with the experimental group, it was difficult to achieve a complete match for each individual child for both the total language score (PLS-4 or CELF-3) and the receptive vocabulary score (PPVT-3) as the range of total language and receptive vocabulary scores was wide. However, both groups of children were initially matched for total language scores, and then for receptive vocabulary. Deciding how to define socioeconomic level for matching purposes was difficult because there are many different perspectives and a number of different possible measures (Kumar et al., 2008) . Some factors that might have been measured include family income, education level of the parents, and parental occupafion (Marschark & Spencer, 2003) . However, it was thought that quesHons about family income might deter parents from long-term commitment to the longitudinal study before it had commenced. Consequently, the occupations of both groups were placed in categories according to those developed by Jones (2003) for parents in education programs, as occupation category has been found to impact the vocabulary leaming of a child with hearing loss (Hart & Risley, 1995 ) (see Table 2 ).
The heads of the household were then matched for highest education level reached (the father in the case of two-parent families or the mother/ income-earning partner in the case of other family models). All except one parent in both groups had undertaken education beyond high school, suggesting a moderate to high socioeconomic level in both groups. Earlier studies have found that parents of children in auditory-verbal therapy programs are likely to come from moderate to high socioeconomic levels (Doman et al., 2007; Easterbrooks, O'Rourke, & Todd, 2000; Rhoades & Chisolm, 2000) . This is acknowledged as a limitation of the study.
A preliminary analysis was carried out to ensure the validity of matching participant groups at the pretest; that is, the matching of language age and receptive vocabulary as indicated by total language age on the PLS-4 or CELE-3, and the FPVT-3 results, respectively. The AVT group's PLS-4/CELF-3 mean age equivalent was 3.58 years (SD = 1.39), and the mean for the TH group was 3.48 years (SD ^ 1.38). Between-group í tests showed no significant difference between these values (i = 0.260, p = 0.796). Similarly, there was no significant difference between groups for the mean vocabulary age equivalents on the PPVT-3 (t = 2.80, p -0.906). The mean age equivalent on the PPVT-3 for the AVT group was 2.8 years (SD = 1.29) and the mean for the TH group was 2.84 years (SD = 1.31). 
Materials
AU speech perception and speech and language assessments are summarized in Table 3 (next page) . A battery of speech perception tests were used to measure the level of imderstanding of speech and to ensure that the children in the AVT group were receiving sound optimally. Because of variation in the level of speech perception ability and the different ages of the AVT group, a battery of speech perception assessments was necessary to best assess the children's performance. The tests are shown in Table 3 in ascending order of difficulty. An audiologist administered the tests in this order according to the age and stage of listening of the child both at pretest and posttest. All speech perception tests were administered in a soundproof booth that met Australian Standards AS1269. Live-voice tests were presented in the audiologist's own voice, and recorded-voice tests were presented by using a recording at 65 dBA in a quiet space.
Procedure
Clearance for this project was sought from the ethics committee of the auditory-verbal therapy program and was then referred to the program board of directors, which approved the project. Ethical clearance was also obtained from the Behavioural and Social Sciences Ethical Review Committee of the University of Queensland in Brisbane, Australia. After consent was obtained from the parents of each participant, arrangements were made to conduct the assessments.
The mean time between pretests and posttests was 21.88 months for the AVT group (SD = 1.22) and 21.65 months for the TH group (SD = 0.84), which was not significant {t = 1.095, p = 0.279).
Speeeh Perception
The speech perception battery was presented to children in the AVT group in a soundproof booth by experienced pédiatrie audiologists at the child's auditory-verbal therapy program center. All speech perception tests were given either by live voice or by recorded voice and in the best aided condition. For children with cochlear implants, the child's optimally functioning MAP, as assessed by an audiologist and an auditory-verbal therapist, was used. Both "T" levels (threshold, or minimum amount of current allowing sound to be detected) and "C" levels (maximum amount of current causing discomfort) For the child's MAP were measured behaviorally and confirmed objectively where necessary. Optimal implant performance was verified by the stability of the MAP, and consistent identification by the child of the seven sound test, the Australian adaptafion of Ling's Six Sound Test (Romanik, 1990) . The "Ling sounds" are a range of speech sounds encompassing the frequencies that are widely used clinically to verify the effectiveness of hearing aid fitting in children (Agung, Purdy, & Kitamura, 2005) . The Ling Six Sound Test was originally developed for the North American population (Ling, 2002) , and in the seven sound test, hi was added to account for the differences in the production and spectral content of Australian vowels (Agung et al., 2005) . Optimal implant performance was also verified through the use of other speech perception tests and the cochlear implant-assisted audiogram (a record of the child's cochiear implant-aided thresholds for responses at 250 Hz, 500 Hz, 1000 Hz, 2000 Hz, and 4000 Hz). For the children who wore hearing aids, best aided condition was determined by an audiologist and an auditory-verbal therapist, performance of the seven sound test, speech perception tests, and the child's aided audiogram.
Language and Speech
Tlie AVT group's assessments took place at the child's program center. For the TH group, testing was performed either at the head office of the child's auditory-verbal therapy program, at the child's education setting in a quiet room, or at the child's home. Speech and language testing was performed by experienced and qualified speech-language pathologists. Because of geographic constraints, the most convenient and available qualified staff performed the testing, and frequently, different testers assessed the children at the pretest and posttest. Tester reliability was not examined in the standardized assessments, as these were administered according to the standardized instructions in the test manuals. For the CÁSALA (Computer Aided Speech and Language Analysis; Serry, Blamey, Spain, & James, 1997), inter-rater reliability was performed by having each of the speech-language pathologists perform an analysis on the samples of the same 8 children. The pair-wise intertester reliability ranged from 79% to 82% for broad transcription. These levels were similar to those obtained by Shriberg, Austin, Lewis, Sweeney, & Wilson (1997) , who also used CÁSALA to study speech development in children.
If possible, the language and speech tests were administered over one session; however, several children required two sessions because of age or attention difficulties. Children were given rest breaks between assessments, and the session was discontinued if a chüd showed evidence of fatigue or distress. The children's responses to the GFrA-2 were not transcribed and scored at a later date. Instead, whether consonant production was correct or not was decided by the tester at the time of testing.
The order of presentation of the standardized tests used was as follows. For the pretest, the AVT group were first administered the PLS-4 or CELF-3, the PPVT-3, and the GFTA-2. A spontaneous speech sample for CÁSALA analysis was tape recorded at this time. The group also received speech perception assessments and a parent survey. The order of testing for the TH group was different from the AVT group in order to account first for screening and then to establish a match with a child in the AVT group before the child was unnecessarily tested. The TH group was initially screened using pure-tone audiometry in both ears to determine thresholds at 500 Hz, 1000 Hz, 2000 Hz, and 4000Hz. Thresholds needed to be within the range of 0-20 dB HL at all frequencies for both ears for inclusion in the TH group. If a child passed the screen, no further audiological tests were given to the TH group. Middle ear status was not checked unless the parent reported recent ear pain or reduced hearing. The GFTA-2 screen was also performed in the same iniäal session. Children who passed the screen were administered the PLS-4 or CELF-3 and the PPVT-3 for matching purposes. The TH group children were then matched for total language, receptive vocabulary, gender, and socioeconomic level with the AVT group. At posttest, both groups received the same assessments, without the screening for the children in the TH group.
CÁSALA
A 5-to 7-minute spontaneous speech sample of each child with hearing loss was videotaped under predefined conditions at pretest and at posttest. These conditions included using a wall-mounted video camera, not easily identified and set 2 meters above the ground, allowing for full vision of the child's face. The child was seated in a high chair at a table 3 meters from the camera, with a high-quality microphone set on the table at 1 meter from the child. The parent was seated at the child's best hearing ear and was given instructions to interact with the child using a set group of toys. The parent was also given specific instructions that the session was not a therapy lesson but a play activity. The choice of toys was grouped under different scenarios ("babies," "transport," "animals," and "craft"). The aim was to obtain a sample of approximately 50 utterances, or 250 words.
Results
Speech Perception
The speech perception results for the AVT group on a battery of speech perception tests and results for the changes in scores at pretest and posttest are summarized in Table 4 (next page). Box plots were generated that showed some skewness in some variables at the 21-month posttest. Where possible and appropriate, changes in speech perception skills from pretest to posttest were tested for significance using a Wilcoxon signed rank test, and the results are also reported in Table 4 . In two subtests, PLOTT Phoneme Detection (100% at pretest IN = 251 and 100% at posttest [N = 24] ) and CNC Vowels (95% at pretest ¡N ^ 11] and 98.18% at posttest [N =^ 22]), there was a ceiling effect at both pretest and posttest for some children, and statistical testing was not conducted. The tests were readministered at the posttest because testers were careful to check that hearing levels were consistent over time. Also, not all tests were administered to each child because the AVT group had a wide range of speech perception abilities, which the battery of tests was chosen to cover. If a child had not attempted a test because it was too difficult, only the child's responses on the tests that were attempted were scored. The number of children completing more difficult recorded assessments was sometimes too few for analysis. The assessments that showed sigrüficant average improvement were PLOTT Phoneme imitation (N = 24 at both pretest and posttest); Manchester Junior Words/PBK Words with Word Score (N = 18 at both pretest and posttest); Phoneme Score (N = 18 at both pretest and posttest); CNC Words with Phoneme Score (N = 10 at pretest and N = 24 at posttest); Consonant Score (N = 11 at pretest and N = 22 at posttest); Word Score (N ^ 11 at pretest and N = 22 at posttest); and BKB Sentences Live Voice (N = 10 at pretest and N ^ 24 at posttest). All of these tests were administered via live voice (maximum 65 dB) in a quiet setting. Table 5 contains a summary of the age-equivalent scores of the pretests and posttests for both groups on total language, receptive vocabulary, and speech. Paired sample i-tests were used to investigate change scores in each group. Two children from each group had reached the ceiling of the PLS-4 and were tested on the CELF-3 for language, and separate auditory comprehension and oral expression scores are not available for the CELF-3. Therefore, only 23 pairs were analyzed for these parameters, but 25 total language scores expressed as age equivalents were included in the analysis. The age-equivalent scores for the AVT group for auditory comprehension were 3.56 years at pretest (SD = 1.06} and 5.17 years (SD -0.7) at posttest, wliich showed significant improvement (t -10.28, p = < 0.001). Similarly, for oral expression, the AVT group had age-equivalent scores of 3.30 years (SD = 1.02) at pretest and 5.27 years (SD = 0.96) at posttest, which was also significant (t -15.99, p = < 0.001). Significant improvements were found over time for both groups for total language, receptive vocabulary, and speech skills (see Table 5 ).
Standardized Language and Speech Assessments
Between-group i-tests were used to investigate possible differences in change scores from pretest to posttest for both groups. The change scores for both groups were not significantly different for auditory comprehension {t = l.44,p^ 0.157), oral expression (/ = 0.21, p = 0.834), total language (i = 0.12, p = 0.905), or speech skills (t = 0.8, p = 0.936). However, the change scores were significantly different for receptive vocabulary (t = 3.44, p = 0.001) with the TH group showing significantly greater improvement than the AVT group.
CÁSALA Speech Assessment
A within-subject analysis of variance (ANOVA)was used to analyze the AVT group's CÁSALA results for percentage consonants attempted and percentage correct (see Table 6 ). The ANOVA showed that there were significant differences between the percentage of consonants attempted at the two points in time (F = 63.59, p = < 0.0001), and that these differences varied for different consonants. Paired i-tests were subsequently conducted to determine if there was a difference between the number of consonants attempted at pretest and at posttest (Table 4 ). These tests showed that for five consonants (/n/, /]/, /s/, /J/, and /I/), there was strong evidence for an increase over time {p = < 0.006). A conservative level of p was chosen to guard against Type 1 error. For six additional consonants (/m/, /t/, /k/, /f/, /ô/, and /z/), there was less strong evidence for an increase over time {p = < 0.05). However, the percentage increase varied depending on the particular consonant being attempted.
The mean increase in percentage of consonants produced correctly was also analyzed using within-subject ANOVA. There was evidence of a significant increase in percentage consonants correct from pretest to posttest (F = 16.32, p = < 0.0001). Paired í-tests showed measurable significant increases for four consonants (/p/, /k/, /g/, and /f/; p = < 0.006), and positive but less strong evidence for six consonants (/n/, /r)/, /b/, /v/, /s/, and /tj/; p = < 0.05).
Discussion
The results showed that the AVT group made significant progress over a 21-month period in speech perception, auditory comprehension, oral expression, total language, and speech skills. Results also proved that the developmental progress of the AVT group for auditory comprehension, oral expression, total language development, and speech skills over a 21-month period was the same as that for the TH group. Both groups made the same progress in auditory comprehension, oral expression, and total language development as 
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measured on the PLS-4 or the CELF-3 as well as speech skills as measured on the GFTA-2. However, a significant advantage was found in the TH group for receptive vocabulary as measured by the PPVT-3. Nevertheless, the AVT group scored within the typical range of the PPVT-3 for receptive vocabulary. The AVT group showed significant improvement in speech perception skills for live-voice stimuli over the 21 months. It is suggested this may be a product of both their experience with their hearing devices and the effects of auditoryverbal therapy, but this study does not provide adequate evidence to prove the latter point. Improvements in speech perception following hearing aid fittings or cochlear implantation are well documented (e.g., Blamey et al., 2001; Svirsky, Teoh, & Neuburger, 2004) . However, while increasing numbers of the children in the study were able to perform open-set, live-speech perception tasks over time, it was much more difficult when the speech was a recorded signal; only small numbers of children were able to complete the tests administered via recording. Chute and Nevins (2000) have advocated for the use of live-voice testing with this population, as recorded-voice testing is too difficult for them.
The developmental progress for language skills of the AVT group was at the same rate as the control, TH group, and also the same as that expected for the population of children with typical hearing. Another study of developmental progress of total language in children with hearing loss was conducted by Blamey et al. (2001) . The children in that study attended a listening and spoken language program and had a mean PTA of 78 dB HL. Findings indicated that these children, on average, progressed at half to two-thirds the rate expected for children with typical hearing; however, a typical hearing control group was not included in the research by Blamey and others (2001) . This rate of development was not as fast as in the present study; however, it is not possible to draw definitive conclusions about the reasons, as other variables (i.e., beyond the type of educational intervention) may be involved.
At the 21-month posttest, the majority of children in the AVT group (84%; 21/25) had total language scores within the age-appropriate range (i.e., -t-1 SD or above) for their chronological age. At the pretest, only 55% (16/29) of the group had age-appropriate total language scores. At the posttest, 84% (21/25) were within the typical range for receptive language, and 80% (20/25) were within the typical range or above for expressive language. At posttest, 2 children in the AVT group had language test scores that were more than 2 SD above the mean, while a further 2 children had scores that were more than 1 SD above the mean for their chronological age. Four children in the AVT group had scores that were 1 SD below the mean. These results for language contrast with the results of Geers, Nicholas, and Sedey (2003) , who reported that only 30% of 181 children ages 8 to 9 years old with cochlear implants (received implants before 5 years of age) scored within the typical range for receptive language, and 47% did so for expressive language. However, in the Geers et al. (2003) study, the mean age of implantation was 3.5 years and may have been influential, as the mean age of implantation for the AVT children in the present study was 2.29 years and the median age of implant was 1.92 years.
The change in PPVT-3 scores for the TH group was significantly higher than the change for the AVT group, with the TH group progressing 33.68 months in 21 months compared to 23.8 months for the AVT group. Nevertheless, the mean score for the AVT group was within the typical range for the test. Similar results were found by Schorr, Roth, and Fox (2008) , who reported a statistically significant difference between PPVT-3 scores for a group of 39 children who are congenitally deaf, use a cochlear implant, and attend a range of different educational programs, and a matched group of children with typical hearing. As in the present study, the mean score for the children with hearing loss was still within the typical range for the test. Similarly, Pittman, Lewis, Hoover, and Steknachowicz (2005) found that PPVT-3 scores for 37 children with moderate sensorineural hearing loss were consistently poorer when compared to scores for 60 children with typical hearing, with 5 children scoring more than 1 SD below the mean. The type of educational approach the children with hearing loss had experienced was not specified, but the authors concluded that children with hearing loss in that study had significantly less ability to leam new vocabulary than children with typical hearing.
The speech skill results for the AVT group show that their rate of progress for acquisition of consonants on the GFTA-2 was statistically the same as for the TH group. Articulation of consonants has been shown to be the major factor in speech intelligibility (Ling, 2002) . At the start of the study, the results of consonant articulation for the AVT group were not statistically different from the TH group. This may reflect the fact that the children were matched for language age and had been in the AVT program for a mean of 20 months at the pretest. The excellent developmental results for speech found in the present study for the AVT group disagree with Marschark, Lang, and Albertini (2002) , who reported that articulation skills are a primary area of difficulty for this population. They also disagree with Eisenberg (2007) , who reported that the speech development of children with even a mild-to-moderate hearing loss is delayed. These results are in agreement with those of Schorr and others (2008) , who compared GFTA-2 results for 39 children with cochlear implants (ages 5 to 14 years) with those of a group of children with typical hearing, matched for gender and chronological age. They found that the mean scores of the children with cochlear implants were within 1 SD of the mean of the group with typical hearing. The speech progress rate for the AVT group may have been the effect of experience following amplification with hearing aids or a cochlear implant (e.g., Allen, Nikolopoulos, & O'Donohue, 1998) , better language skills (Coerts & Mills, 1995; Svirsky, 2000; Svirsky, Robbins, Kirk, Pisoni, & Miyamoto, 2000) , or an emphasis on communicating with listening and spoken language (Tobey, Geers, Brenner, Altuna, & Gabbert, 2003) . However, an interaction of factors is the most likely explanation for improved speech.
Research has indicated that the combination of the use of listening and spoken communication plus early, intensive speech intervention increases the likelihood that children with significant hearing loss can acquire speech skills that are comparable to children with typical hearing of the same age, at least at the isolated single-word level (Schorr et al., 2008) . The AVT group in the present study had attended the auditory-verbal therapy program for a minimum of 4 years, wore their amplification technology constantly, used listening and spoken language communication, had language skills that were not significantly different from the TH group, and received early, intensive speech intervention as an integral part of their auditory-verbal therapy program.
In addition to the positive findings for articulation of individual consonants in single words, the study of consonant development in spontaneous speech using CÁSALA indicated that the AVT group's acquisition of consonants appeared to follow the typical developmental sequence of consonants for Australian children (Kilminster & Laird, 1978) . These results are in agreement with an early study by Serry, Blamey, and Grogan (1997) , who found that the speech of children with cochlear implants followed a development similar to that of children with typical hearing.
The present research has addressed some of the criticisms reported in studies on outcomes of auditory-verbal therapy by including a control group and carefully matching the participants in both groups, thereby providing a higher level of evidence (Oxford Centre for Evidence Based Medicine, 2001). The study design was prospective and included standardized assessments, and assessments were made at multiple points over time for both the AVT and TH groups. Also, the reasons for children dropping out of the study were described. The authors acknowledge that this group of children had minimal other disabilities, spoke only English, and were from relatively high-level socioeconomic backgrounds, which might reduce the comparability of this population with others. Further research is necessary to investigate the influence of socioeconomic status on outcomes for children with hearing loss, to determine the most appropriate way to measure this variable, and to determine if access to auditory-verbal therapy services due to socioeconomic level affects outcomes for a range of populations.
Conclusion
Overall, the AVT group of children maintained their promising developmental progress for auditory comprehension and oral expression, total language, and articulation of consonants demonstrated in the first 9 months of this study (Doman et al., 2007) . They continued this developmental progress at a rate statistically the same as that of the TH group of children who were matched for initial language age, receptive vocabulary, gender, and socioeconomic level. However, after the 9-month point, the TH group accelerated their progress for receptive vocabulary skills, performing significantly better than the AVT group. Nevertheless, acquisition of receptive vocabulary for the AVT group also progressed steadily at a rate similar to that of children with typical hearing (a change of 23.76 months in a 21-month period), with the vast majority (84%) achieving scores that were age appropriate. This study will now continue to be extended longitudinally, using the same tests but with the addition of measures of literacy, numeracy, and self-esteem as the majority of the children enter formal schooling. In summary, for this particular population of children with hearing loss, auditory-verbal therapy was found to be an effective communication option, but more information is needed over longer time periods and with different populations.
